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(3) A high pressure discharge lamp with a thermally improved anode and method of making. 



(57) A high pressure discharge lamp (10) with a 
thermally improved anode (18), as well as a 
method of making such a lamp, are disclosed. 
The lamp includes a refractory arc tube (12) 
with a hermetically sealed arc chamber (14), a 
fill in the arc chamber for facilitating light gen- 
eration, and an anode (18) and a cathode (16) 
extending into the hermetically sealed arc 
chamber (14) and being spaced apart from each 
other. The anode (18) comprises a shank of 
refractory metal (20), a cylindrically shaped ref- 
ractory metal sleeve (318b) on a portion of the 
shank (20), and an end proximally facing the 
cathode (16). The anode (18) end comprises a 
substantially solid mass of refractory metal, and 
is integrally joined to both the shank (20) and 
the metal sleeve (318b) to facilitate heat flow 
from the anode (18) end to the shank (20) and 
sleeve (312b). The anode (18) end preferably is 
generally shaped as a hemisphere facing the 
cathode (16). The fill may comprise mercury, 
metal halide, and xenon at a relatively high fill 
pressure. The anode (18) may be formed by, 
first, providing a refractory metal shank (20), 
and placing a refractory metal sleeve (318b), 
.g. t one or more layers of a helically wound 
refractory metal wir , along a portion of the 
shank (20). to form a sleeve-shank combination. 
A portion of the sleeve-shank combination, fac- 
ing downwards, is then heated sufficiently to 
cause metal from the sleeve-shank combination 



to ball up and form an anode end that integrally 
joins both the shank (20) and the metal sleeve 
(318b). The heating is preferably sufficient to 
cause the anode (18) end to ball up into a 
generally hemispherical shape. 
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CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to the commonly 
owned, co-pending U.S. application entitled "High 
Brightness Discharge Light Source", Serial No. 
07/858,906, filed on March 27, 1992, by Mathews et 
al, corresponding to European Patent Application 93 
302 355.8. 

FIELD OF THE INVENTION 

The present invention relates to a high pressure 
discharge lamp with a thermally improved anode, and 
to a method of making a lamp of this type. 

BACKGROUND OF THE INVENTION 

The thermal design of electrodes of high pres- 
sure discharge lamps has become increasingly im- 
portant in developing improved lamp designs. In a xe- 
non-metal halide lamp, for instance, the thermal de- 
sign of the anode electrode (-anode") and cathode 
lectrode ("cathode") has become especially impor- 
tant A xenon-metal halide lamp includes, in an arc 
chamber, a fill of metal and metal-halide substances 
promoting light generation, including xenon at a rela- 
tively high pressure, e.g. 6 atmospheres at room tem- 
perature. The xenon is stimulated to substantial light 
emission almost immediately upon energizing the 
lamp with a relatively high starting current. A typical 
starting current is 6 amps for about 3 seconds, for a 
60 watt lamp. The starting current is followed by cur- 
rent ramping down to a considerably tower, steady 
state level of about 1 amp, for example, over the next 
10 seconds, for a 60 watt lamp. Especially in the d.c. 
mode of operation, the high initial current causes es- 
pecially pronounced heating of the anode, which 
should thus have a high heat capacity. The anode is 
also heated continuously during lamp operation in the 
process of receiving electron- cur rent flow from the 
cathode during d.c. operation. 

Further, especially where a xenon-metal halide 
lamp is vertically oriented, i.e. with its cathode posi- 
tioned vertically above its anode, a molten metal ha- 
lide pool typically covers about the lower third of the 
inside wall of the lamp, near the anode, during lamp 
operation. Efficientthermal management calls for the 
anode to be designed to facilitate heat radiation into 
the metal halide pool, to increase the halide vapor 
pressure, and thereby increase light output. To pre- 
vent the anode heat from being diverted down the 
supporting shank of the anode, the diameter of the 
anode shank can be minimized. 

A prior art approach to thermally managing an 
anode of a xenon-metal halide lamp is to form the 
anode with a considerably larger mass than the cath- 
ode, and to machine the anode from a single, relative- 
ly large workpiece of refractory metal, by electric dis- 



charge machining, for instance. By so machining a 
single workpiece, a relatively large anode tip can be 
formed with a small diameter supporting shank, to 
minimize heat flow through such shank. Further, the 
5 outer surface of the anode tip can be textured in the 
machining process so as to increase the anode sur- 
face area available for radiating heat into the metal 
halide pool. 

A shortcoming of machining an anode from a sin- 
to gle workpiece in the foregoing manner is that the ma- 
chining process is time-consuming and expensive. It 
would thus be desirable to provide a more economical 
method of making a high pressure discharge lamp 
with a thermally improved anode. 

15 

SUMMARY OF THE INVENTION 

It is, accordingly, an object of the invention to pro- 
vide a more economical method of making a high 

20 pressure discharge lamp with a thermally improved 
anode, and also to provide a high pressure discharge 
lamp with a thermally improved anode. 

A further object of the invention is to provide a 
lamp and method of the foregoing type wherein the 

25 thermally improved anode can be fabricated using 
commonplace manufacturing equipment. 

In accordance with the invention, a high pressure 
discharge lamp with a thermally improved anode is 
provided. The lamp comprises a refractory arc tube 

30 with an internal, hermetically sealed arc chamber 
containing a fill for facilitating light generation. An 
anode and a cathode extend into the hermetically 
sealed arc chamber, and are spaced from each other. 
The anode includes a shank of refractory metal and 

35 a cylindrically shaped refractory metal sleeve on a 
portion of the shank. The anode further includes an 
end proximally facing the cathode, and comprising a 
substantially solid mass of refractory metal that is in- 
tegrally joined to both the shank and the metal 

40 sleeve. Such anode end is preferably shaped gener- 
ally as a hemisphere facing the cathode. The sleeve 
preferably comprises at least one layer of a helically 
wound refractory metal wire. 

The foregoing lamp has an anode that is thermal- 

45 ly improved according to the criteria mentioned in the 
background above. 

In accordance with another aspect of the inven- 
tion, a method for making a high pressure discharge 
lamp having a thermally improved anode is provided. 

so The method includes the steps of providing a cathode 
and an anode for placing in spaced relation with each 
other. The anode is formed by providing a refractory 
metal shank and sleeve, and placing the sleeve along 
a portion of the shank to form a sleeve-shank com- 

55 bination. A portion of the sleeve-shank combination, 
while held facing downwards, is heated sufficiently to 
cause metal from the sleeve-shank combination to 
ball up and form an end that integrally joins both the 



3 



EP 0 579 429 A1 



4 



shank and the metal sleeve. Such heating step pre- 
ferably includes heating the mentioned portion of the 
sleeve-shank combination sufficiently to cause metal 
from the combination to ball up and form a generally 
hemispherical anode end. The refractory metal 
sleeve preferably comprises at least one layer of a 
helically wound refractory metal wire. The method 
further includes the step of providing a refractory arc 
tube with an internal, hermetically sealed arc cham- 
ber for containing the anode and cathode. Af fll of sub- 
stances for facilitating light generation is also provid- 
ed in the arc chamber. 

The foregoing method provides an anode that is 
thermally improved according to the criteria men- 
tioned in the background above, and can be made 
economically on commonplace equipment. 

The above-described objects, together with fur- 
ther advantages of the invention, will become appa- 
rentfrom the following description taken together with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a high pressure dis- 
charge lamp incorporating a thermally improved 
anode in accordance with the invention. 

Fig. 2A shows a prior art thermally improved 
anode, and Fig. 2B shows thermal flow paths within 
the prior art anode of Fig. 2A. 

Fig. 3 is a schematic view of a welding arrange- 
ment for explaining difficulties in forming a thermally 
improved anode for a high pressure discharge lamp. 

Fig. 4 is a schematic view similar to Fig. 3, but 
showing a successful approach to producing a ther- 
mally improved anode; and Fig. 4A illustrates dimen- 
sions of a metal sleeve mounted on an anode shank 
that undergoes the welding procedure of Fig. 4. 

Fig. 5 shows thermal flow paths in an anode 
made according to the invention. 

Figs. 6A and 6B show sequential steps for form- 
ing a refractory metal sleeve that undergoes the 
welding procedure of Fig. 4. 

Figs. 7A-7D show various embodiments of a met- 
al sleeve used in the welding procedure of Fig. 4. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Fig. 1 schematically shows a high pressure dis- 
charge lamp 10 that may utilize the principles of the 
present invention. Lamp 1 0 includes an arc tube 12 of 
refractory transparent material, such as fused quartz, 
which forms an arc chamber 14. Positioned within arc 
chamber 14 are a cathode 16 and an anode 18, both 
of refractory metal, such as tungsten or molybdenum 
or their alloys, which may include additives such as 1 
to 3% thoria, for instance. Arc chamber 14 includes a 
suitable fill of materials to facilitate light generation 



when heated by an electric arc (not shown) between 
cathode 16 and anode 18. 

For a high pressure xenon-metal halide dis- 
charge lamp, a typical fill includes mercury, metal ha- 

5 lide, and xenon at a relatively high pressure, e.g., 6 at- 
mospheres at room temperature. A typical fill for a 
high pressure mercury discharge lamp, in contrast, in- 
cludes mercury and an inert fill gas; and a typical fill 
for a high pressure sodium lamp includes sodium, an 

10 inert fill gas, and, for some lamps, an amalgam of 
mercury and sodium. 

In lamp 10 of Fig. 1, cathode 16 is connected by 
a metal foil 21 , typically molybdenum, to a conven- 
tional outer lead conductor 22. Similarly, anode 18, 

15 shown schematically, is connected by a metal foil 26 
to a conventional outer lead conductor 28. Anode 18 
is shown schematically and is referred to hereinafter 
as the anode "tip." The and signs in Fig. 1 in- 
dicate that lamp 10 may be supplied with direct cur- 

20 rent, but it could also operate with alternating current 
if the anode and cathode were similar to each other. 
Although not shown, respective windings may wrap 
cathode 16 and anode shank 20 in their respectiv 
neck portions 31 and 32 of arc tube 12, to facilitate ax- 

25 ial alignment of cathode 16 and anode 18 within arc 
tube 12. Such an arrangement is disclosed in U.S. Pa- 
tent 4,968,916, assigned to the instant assignee. 

Lamp 1 0 may be operated as shown with cathode 
16 positioned vertically above anode 18, although th 

30 lamp could also be rotated from the position shown; 
for instance, the lamp could be rotated such that cath- 
ode 16 and anode 18 are at the same vertical level. 
Further, lamp 10 may be alternatively configured with 
both cathode 16 and anode 18 supplied with electric 

35 power from a single end of the lamp; that is, with both 
the respective outer lead conductors 22 and 28 for 
cathode 1 6 and anode 1 8 extending into lamp 1 0 from 
a single side. 

The thermal design requirements for anode tip 18 

40 and its supporting shank 20 are described with refer- 
ence to prior art Fig. 2, which shows an anode tip 218 
and a supporting shank 220. Tip 218 and supporting 
shank 220 are both of refractory metal, such as men- 
tioned above in connection with cathode 16 and 

45 anode 18. Anode tip 218 includes a generally hemi- 
spherically shaped end 21 8a proximally facing a cath- 
ode (not shown), and a cylindrically shaped body 
218b supporting the hemispherical end 218a. Cylin- 
drical body 218b, in turn, is supported on anode 

so shank 220. 

Prior art anode tip 21 8 and supporting shank 220 
are configured to meet three principal thermal design 
criteria when the lamp is operated in a rapid-on mode 
described above. As a first criterion, to withstand the 

55 high heat load on the anode due to the initially high 
start-up current, anode 218 requires a high heat ca- 
pacity, which may be achieved by forming anode tip 
2 1 8 wit h a diameter D1 of about 52 mils (1 .3 mm) over 
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a length for anode tip 218 of about 120 mils (3 mm). 

For a xenon-metal halide lamp 10 oriented verti- 
cally as shown in Fig. 1, a metal hatide pool (not 
shown) typically covers about the lower third of the in- 
side wall of arc chamber 14, near the anode. Lamp 
operation is improved by configuring anode tip 218 
(Fig. 2) to radiate heat generated during lamp opera- 
tion to its environs, by raising the vapor pressure of 
the nearby metal halide. Fig. 2B shows heat flow 
paths 240, in dashed lines, indicating heat flow orig- 
inating from an arc (not shown) on anode end 218a 
and passing axial ly into cylindrical body 218b. The 
heat is then preferentially directed radially outwardly 
to the surface of such cylindrical anode body, from 
which the heat is lost preferentially by radiation and 
also by conduction and convection to the gas. This 
second thermal design criterion is achieved in the pri- 
or art anode of Fig. 2A by texturizing t he radially outer 
surface 250 of cylindrical body 218b, as indicated by 
stippling, so as to increase the surface area available 
for heat transfer. 

A third thermal design criterion is to minimize the 
amount of heat flowing down shaft 220, and hence 
unavailable for radiating onto a nearby metal halide 
pool. This is achieved by reducing the diameter D2 of 
supporting shank 220 to, e.g., 16 mils (0.4 mm) e.g. 
compared with the 52-mil (1.3-mm) diameter D1 of 
anode body 218b. 

It is also desirable for anode end 21 8a to be shap- 
d generally as a hemisphere. By eliminating sharp 
points from the anode end, a hemispherical shape 
has been found to minimize the erosion of anode 218, 
and hence make more constant the often-crucial de- 
sign parameter of the gap separating anode 21 8 from 
a cooperating cathode (not shown). Additionally, it 
has been found that the prior art anode of Fig. 2Acan 
be desirably modified by removing material to expose 
surface 254. This forms a tapered body that may de- 
sirably achieve a more uniform spacing between the 
anode body and the surrounding arc tube, which 
serves to avoid overheating the wall of an arc cham- 
ber by a pointed rear surface 256 of the body, and 
also to provide more uniform heating of the molten 
metal halides. 

While the prior art anode of Fig. 2 adequately ful- 
fills the thermal design criteria mentioned above, 
such anode is typically made with a slow, and hence 
expensive, machining process, such as electric dis- 
charge machining. An important object of the inven- 
tion is to provide a more economical method of mak- 
ing a high pressure discharge lamp having an anode 
that meets the foregoing design criteria. 

Fig. 3 shows a welding arrangement for explain- 
ing an initial, but unsuccessful, attempt to more eco- 
nomically make a suitable anode. Fig. 3 shows a re- 
fractory metal shank 320, typically of 1 6-mil (0.4-mm) 
diameter, held in place by a clamp 330 of a plasma 
welder. The welder includes a nozzle 332 through 



which an inert gas such as argon is directed onto 
anode shank 320, as shown by arrows 334, to prevent 
oxidation of the shank. A welder control 336 suitably 
controls the current through conductors 338 and 340, 
5 which are respectively applied to anode shank 320 
and to an electrode 342 of the plasma welder, to 
cause melting of the lower portion of anode shank 
320. 

In the unsuccessful attempt of Fig. 3, a first drf f i- 

10 culty arose in that anode tip 318' could be enlarged, 
by melting, only to about twice the diameter of sup- 
porting shank 320. Therefore, a 25-mil (0.63-mm) 
shank would be required to support a 50-miI (1.25- 
mm) diameter anode tip 318'. Enlarging the diameter 

15 of shank 320 in this way, however, would increase un- 
desirable heat conduction though the shank, away 
from anode tip 318'. Secondly, a serious difficulty 
arose in reliably aligning anode tip 318' with shank 
320, particularly where the anode tip diameter ap- 

20 proached twice the diameter of the shank. Anode tip 
318' is thus shown undesirably biased to the left at 
344. Additionally, the thermal mass and outer surface 
area of tip 318' as not as large as those of the elon- 
gated cylindrical tip of anode 218: 

25 Using the same plasma welder as in Fig. 3, Fig. 

4 shows how an anode according to the present in- 
vention can be made. In the illustrated method, a gen- 
erally cylindrical sleeve 318b of refractory metal is 
first suitably secured onto shank 320. This may be ac- 

30 complished, for instance, by electric resistance weld- 
ing, which forces electric current to flow between 
anode body 318b and anode shank 320. The sleeve 
may alternatively be attached to the shank by mech- 
anical crimping, or by a mechanically snug fit. The 

35 sleeve, however, need not be directly secured to the 
shank, but could be held in place by a suitable holding 
fixture during the welding process of Fig. 4. In the il- 
lustrated process, end portion 350 of shank 320 is 
sufficiently melted to "ball 1 * back preferably to a gen- 

40 erally hemispherical shape 31 8a (shown in phantom), 
having a diameter substantially the same as that of 
cylindrical body 318b. The welding process of Fig. 4 
has been shown to reliably align anode end 318a with 
anode shank 320, as well as with cylindrical body 

45 318b. 

Referring to Fig. 4 A, anode tip 318 and support- 
ing shank 320 typically have the following dimensions 
for a 60-watt xenon-metal halide lamp with a 6- amp 
starting current. Shank 320 may have a length L10 of 

so 15 mm and a diameter D10 of 16 mils (0.4 mm), which 
may vary considerably including, but not restricted to, 
a range from about 10 to 20 mils (0.25 to 0.5 mm). 
Anode sleeve 31 8b may have a diameter D 1 2 of about 
52 mils (1 .3 mm), although such diameter may also 

55 vary considerably, including, but not restricted to, the 
range from about 40 to 60 mils (1 to 1.5 mm). The 
length L12 of anode body 318b may be about 93 mils 
(2.35 mm), although it may vary considerably, includ- 
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ing, but not restricted to, the range from about 80 to 
160 mils (2 to 4 mm). Length L14 of shank end 350 
may be about 4.7 mm long where shank diameter D10 
is 16 mils (0.4 mm) and sleeve diameter D1 2 is 52 mils 
(1.3 mm); such length L14, however, may vary con- 
siderably, including, but not restricted to, the range 
from about 0 to 20 mm. Length L1 6 of generally hem- 
ispherical anode end 318a is approximately V2 of di- 
ameter D12 of anode body 318b; however, such 
length L16 may be longer, to add more mass, or short- 
er, to improve alignment of tip 318a with body 318b. 

Lamps other than the mentioned 6 0- watt xe non- 
metal halide lamp with a 6-amp starting current may 
naturally use dimensions differing from those in the 
foregoing paragraph. Further, the described welding 
process of Fig. 4 is merely exemplary. Thus, for in- 
stance, the metal that is melted in the welding proc- 
ess to form anode end 318a need not come primarily 
from the exposed anode end 350 shown in Fig. 4. 
Such metal, for instance, could come primarily from 
cylindrical sleeve 318b, or from both parts of the com- 
bination of the sleeve and the shank. 

Typical refractory metals for anode end 318a, 
anode body 318b and anode shank 320 are those 
mentioned above in connection with cathode 16 and 
anode 18. 

Fig. 5 shows an anode resulting from the welding 
process of Fig. 4. As shown in Fig. 5, anode tip end 
318a is integrally joined to both anode body 318b and 
to shank 320 at 350, thereby providing a good heat 
flow path 352 from anode end 318a to anode body 
318b. Body 318b is preferably shaped prior to the 
welding process of Fig. 4 to expose surface 354, if de- 
sired, to assure more even spacing from an adjacent 
arc tube. This serves to avoid overheating the wall of 
an arc chamber by a pointed rear surface 355 of the 
body, and also to provide more uniform heating of the 
molten metal halides. 

The anode of Fig. 5 achieves high heat capacity 
through the relatively high mass of generally cylindri- 
cal body 318b, while minimizing heat loss through 
shank 320, which may desirably be 16 mils (0.4 mm) 
or less in diameter, compared with a typical 52-mil 
{1 .3-mm) diameter of body 31 8b. Although not shown 
in Fig. 5, radially outer surface 356 of body 318b is 
preferably textured to increase the surface area avail- 
able for radiating heat. 

The generally cylindrical sleeve 318b of Figs. 4 
and 5 may be formed from a cylindrical tube of refrac- 
tory metal. Alternatively, such sleeve may be formed 
by winding refractory metal wire around a convention- 
al mandrel (not shown), and then positioning and se- 
curing such winding, or winding layer", shown at 600 
in Fig. 6A ( on anode shank 320. Generally, the diam- 
eter of the refractory metal wire does not exceed that 
of shank 320. By way of example, for a 60-watt xenon- 
metal halide lamp with a 6-amp starting current, the 
wire may be 9 mils (0.23 mm) in diameter, although 



such diameter may vary considerably, including, but 
not restricted to, the range from about 5 to 12 mils 
(0.1 3 to 0.3 mm). Where winding 600 is ductile, it can 
be wound with a slightly smaller diameter than shank 

5 320, so as to be secured to the shank with a snug 
mechanical fit. Alternatively, winding 600 can be se- 
cured to shank 320 by electric resistance welding, or 
otherwise suitably positioned for the welding process 
of Fig. 4. To further build up sleeve 318b to the de- 

10 sired diameter of anode tip 318a, shown in phantom, 
a second winding 602, shown in Fig. 6B, may be add- 
ed. Winding 602 may also be of 9-mil (0.22-mm) re- 
fractory metal wire, prewound on a conventional man- 
drel, and then positioned atop winding 600, and se- 

15 cured to such winding 600, e.g., by electric resistance 
welding, or otherwise suitably positioned for the 
welding process of Fig. 4. As shown in Fig. 6B, the use 
of winding 602 increases the area of outer surface 
604. This promotes good thermal radiation from such 

20 surface, one of the thermal design criteria mentioned 
above. To further increase the area of outer surface 
604, one or more further windings (not shown) could 
be sequentially positioned atop winding 602. 

The lowermost extent of windings 600 and 602, 

25 as shown in Fig. 6B, preferably coincide, so as to both 
become integrally joined to anode tip 318a. In con- 
trast, the inner winding 600 extends upwardly more 
than outer winding 602 in the arbitrary viewpoint of 
Fig. 6B, whereby a tapered configuration, represent- 

30 ed approximately by a dashed line 354 in Fig. 5, is at- 
tained. Length L12 of body 318b t as shown in Fig. 4A, 
includes the length of inner winding 600. 

The use of two separate windings 600 and 602 as 
shown in Fig. 6B requires trimming of ends 610 and 

35 612, which would be beneficial to avoid. Such trim- 
ming can be avoided, as shown in Fig. 7A, by using a 
single, continuous wire to form inner and outer wind- 
ings 700 and 702. The wire is wound, in the arbitrary 
viewpoint of Fig. 7A, starting from the bottom and 

40 moving upwards to form inner winding 700, and then 
winding outer layer 702 over the inner layer. Benefi- 
cially, the lower ends of windings 700 and 702 be- 
come melted and fuse into the anode tip end 318a in 
the welding process of Fig. 4. As in Fig. 6B, in Fig. 7A 

45 it is desirable for the inner winding layer 700 to extend 
upwards more than the outer winding 702, from the 
arbitrary viewpoint of Fig. 7A, so as to realize the ta- 
pered surface 354 of Fig. 5. 

Fig. 7B shows an enhanced sleeve arrangement 

so 318b, comprising separate winding layers 700' and 
702' that are wound in the same rotational direction, 
i.e., clockwise from above in Fig. 7B. With both wind- 
ings wound in the same direction, outer winding 
702' can be screwed onto the inner winding 700\ pre- 
ss viously secured to anode shank 320. Outer winding 
702* can then be secured to inner winding 700* by a 
snug mechanical fit, or by electric resistance welding, 
or otherwise positioned for the welding process of 
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Fig. 4. Generally cylindrical sleeve 318b of Fig. 7B 
benefits from the close packing of winding turns of 
the inner and outer winding layers 700' and 702\ as 
shown in the cut-away section at 720. The dose pack- 
ing increases the heat capacity of a given-diameter 5 
sleeve 318b, and enhances thermal conduction from 
the inner to the outer winding. As in Figs. 6B and 7A, 
inner winding 700* preferably extends further up- 
wards than outer winding 702' in the arbitrary view- 
point of Fig, 7B. 10 

Fig. 7B also shows the upper ends of inner wind- 
ing 700' and outer winding 702' each being cut in a 
horizontal plane, in the arbitrary viewpoint of that fig- 
ure, in contrast to the cuts made in Fig. 6B to the up- 
per ends 610 and 612 of innerand outer windings 600 15 
and 602. This eliminates the need for trimming the 
ends of the windings shown in Fig. 7B. A planar cut of 
the winding can be achieved by abrasively cutting the 
ends of the windings, as opposed to firing the wind- 
ings in hydrogen, for instance, and then chopping the 20 
ends of the windings, as at 610 and 612 in Fig. 6B. 

Fig. 7C shows a further enhancement, wherein 
the wire forming inner layer 700" has a greater diam- 
eter than the wire forming outer layer 702". As shown 
in the cut-away section at 730, this beneficially in- 25 
creases the surface area available for heat transfer 
from cylindrical sleeve 318b. 

Fig. 7D is a detail of a cut-away 750 that is similar 
to cut-away 730 of Fig. 7C except for the following dif- 
ference. Cut-away 750 shows inner layer 700'" for- 30 
med from smaller-diameter wire than the outer layer 
702"\ the reverse of the case for Fig. 7C. Adjacent 
turns of inner layer 700'" are therefore separated 
from each other by gaps that beneficially may contain 

mission-enhancing material, shown as the stippled 35 
r gions 752, to facilitate electron emission from the 
lectrode 18. The emission enhancing material may 
be achieved by use of Ba 2 Ca WO e , a material com- 
monly used for emission enhancing in high pressure 
sodium (HPS) lamps. Outer layer 702"' beneficially 40 
holds material 752 in place. 

Based on the present disclosure, those skilled in 
the art will find apparent other ways of forming refrac- 
tory metal sleeve 318b used in the welding operation 
of Fig. 4. Sleeve 318b f for instance, may be formed 45 
from a single winding, or from more than two windings 
as specifically shown. 

Several xenon-metal halide lamps using the sin- 
gle-point dimensions mentioned in connection with 
Fig. 4A were made according to the design disclosed so 
in the above-mentioned patent application Serial No. 
07/858,906. The anode design was as shown in the 
appended Figs. 6 and 7, and a cathode comprising a 
rod with an enlarged end proximally facing the anode 
was used. The lamps performed comparably to xe- 55 
non-metal halide lamps employing the prior art anode 
of Fig. 2A in regard, for instance, to their lumen output 
and correlated color temperature. 



The foregoing describes a high pressure dis- 
charge lamp with a thermally improved anode, and an 
economical method of making such a lamp. 

While the invention has been described with re- 
spect to specific embodiments by way of illustration, 
many modifications and changes wfll occur to those 
skilled in the art It is, therefore, to be understood that 
the appended claims are intended to cover all such 
modifications and changes as fall within the true spirit 
and scope of the invention. 

Claims 

1. A high pressure discharge lamp, comprising: 

(a) a refractory arc tube with an internal, her- 
metically seated arc chamber; 

(b) a fill in said arc chamber for facilitating light 
generation; and 

(c) an anode and a cathode extending into 
said hermetically sealed arc chamber and be- 
ing spaced apart from each other; 

(d) said anode comprising: 

(i) a shank of refractory metal; 

(ii) a cylindrical! y shaped refractory metal 
sleeve on a portion of said shank; and 
(Hi) an end proximally facing said cathode, 
comprising a substantially solid mass of 
refractory metal, and being integrally 
joined to both said shank and said metal 
sleeve. 

2. The lamp of claim 1 , wherein said sleeve compris- 
es respective inner and outer layers of helically 
would refractory metal wire. 

3. The lamp of claim 2, wherein the two ends of a 
single connected length of wire form said inner 
and outer layers of wire and are integrally joined 
to said anode end and further wherein said anode 
end is generally shaped as a hemisphere facing 
said cathode. 

4. The lamp of claim 2, wherein: 

(a) said inner and outer layers of wire are 
formed from respective portions of wire, both 
wound in the same rotational sense; and 

(b) the diameters of the innerand outer layers 
are chosen such that respective full turns of 
the outer layer are nested and in contact with 
respective pairs of adjacent, full turns of the 
inner layer, to achieve a high heat capacity 
anode. 

5. The lamp of claim 4, wherein a portion of said in- 
ner winding is exposed at an end of said metal 
sleeve opposite said anode end, so as to taper 
said sleeve at said sleeve end. 
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6. The lamp of claim 4, wherein said inner layer of 
wire comprises wire with a larger diameter than 
wire forming said outer layer, so as to increase 
the surface area of said sleeve available to radi- 
ating heat. 5 

7. The lamp of claim 2, wherein: 

(a) said inner and outer layers of wire are 
formed from respective portions of wire, both 
wound in the same rotational sense; 10 

(b) The diameters of the inner and outer layers 
are chosen such that respective full turns of 
the inner layer are nested and in contact with 
respective pairs of adjacent, full turns of the 
outer layer, so as to achieve a high heat ca- 15 
pacity; 

(c) said inner layer of wire comprises wire with 
a smaller diameter than wire forming said out- 
er layer, whereby adjacent turns of the inner 
layer are separated from each other by re- 20 
spective gaps; and 

(d) emission-enhancing material is contained 
in said gaps and held by the outer layer. 

8. A method of making a high pressure discharge 25 
lamp, comprising the steps of: 

(a) providing a cathode; 

(b) forming an anode for placing in spaced re- 
lation with said cathode, by steps comprising: 

(i) providing a refractory metal shank; 30 

(ii) providing a refractory metal sleeve and 
placing said sleeve along a portion of said 
shank to form a sleeve-shank combina- 
tion; and 

(iii) while holding a portion of said sleeve- 35 
shank combination facing downwards, 
heating said portion sufficiently to cause 
metal from said sleeve-shank combination 

to ball up and form an end that integrally 
joins both said shank and said metal 40 
sleeve; 

(c) providing a refractory arc tube with an in- 
ternal, hermetically sealed arc chamber for 
containing said anode and cathode; and 

(d) providing in said arc chamber a fill of sub- 45 
stances for facilitating light generation. 



single, connected length of wire; and 
(c) winding said inner layer in one rotational di- 
rection, and then winding said outer layer in 
the opposite rotational direction over said in- 
ner layer, with the two ends of said integral 
length of wire being positioned downwardly 
on said shank during said heating step so as 
to become melted and integrally joined to said 
generally hemispherical end. 

11. The method of claim 8 t wherein said step of pro- 
viding inner and outer layers of metal wire com- 
prises the steps of. 

(a) winding said inner layer from a length of 
wire in a preselected rotational direction, and 
securing said inner layer to said anode shank; 
and 

(b) winding said outer layer from a separate 
length of wire, also in said preselected rota- 
tional direction, the diameter of said outer lay- 
er being chosen such that respective full turns 
of the outer layer are each nested and in con- 
tact with respective pairs of adjacent, full 
turns of the inner layer, to achieve a high heat 
capacity anode. 

12. The method of claim 11, wherein: 

(a) said inner layer of wire comprises wire with 
a smaller diameter than wire forming said out- 
er layer, whereby adjacent turns of the inner 
layer are separated from each other by gaps, 
and 

(b) emission-enhancing material is placed into 
said gaps and held by the outer layer. 



The method of claim 8, wherein said step of heat- 
ing a portion of said sleeve-shank combination 
comprises sufficiently heating said combination 
to cause metal from said combination to ball up 
and form a generally hemispherical anode end. 
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10. The method of claim 8, further comprising the 
steps of: 

(a) providing inner and outer layers of metal 
wire; 

(b) providing said inner and outer layers of a 
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